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Abstract
Objective—The purpose of this prospective study was to investigate whether poor oral health 
predicted eight-year cognitive function change in predominantly late middle adults in the 
Atherosclerosis Risk in Communities (ARIC) study.
Methods—Participants included a subset of ARIC participants aged 52–75 years at 1996–1998 
from two study sites: Forsyth County NC and Jackson MS. All subjects completed cognitive 
function assessments both in 1996–1998 and 2004–2006, and the same subjects received a dental 
examination at the initial visit. Cognitive assessment consisted of Delayed Word Recall (DWR), 
Digit Symbol Substitution (DSS), and Word Fluency (WF) tests. In the analysis, cognitive 
function for 911 dentally screened participants was evaluated, and 558 of 785 dentate participants 
received comprehensive oral examinations, including periodontal probing. Measures of oral health 
included dental status, number of teeth, and periodontal disease classified by the Biofilm-Gingival 
Interface (BGI) index. The generalized estimating equations (GEE) method was used to analyze 
repeated measures of cognitive scores with adjustment for socio-demographic characteristics and 
cardiovascular risk factors.
Results—Of 911 study participants, 13.8% were edentulous. About 13 % of dentally examined 
participants had periodontal pockets (≥4 mm) with severe bleeding. At the follow-up visit, DWR 
Corresponding author: Gary D. Slade, Koury Oral Health Sciences Building, Room 4501E, Department of Dental Ecology, School of 
Dentistry, UNC, CB#7455, Chapel Hill, NC, 27599-7455. gary_slade@unc.edu, Phone number: (919) 537-3273. 
Human participants protection
No protocol approval was necessary because this study involved the analysis of secondary data.
Conflict of interest
The authors have no conflicts of interest to report.
NIH Public Access
Author Manuscript
Community Dent Oral Epidemiol. Author manuscript; available in PMC 2016 February 01.
Published in final edited form as:






















and WF scores were lower in edentulous compared to dentate people, whereas other oral health 
measures were not associated with cognitive function. Mean values declined over time for all three 
cognitive measures, although poor oral health conditions were not associated with greater degree 
of decline in cognitive function.
Conclusions—In these late-middle aged adults, complete tooth loss was significantly associated 
with lower cognitive performance. However, neither edentulism, number of teeth, nor periodontal 
disease predicted greater subsequent cognitive decline.
Keywords
Cognitive function; periodontal disease; tooth loss
Introduction
Cognitive functions change throughout one’s life. The changes can be physiological or 
pathological and can occur in one or multiple cognitive domains (1,2). Emerging evidence 
has linked tooth loss and periodontal disease to a greater age-related cognitive decline and to 
neurodegenerative diseases, such as Alzheimer’s disease (AD) (3–10). An inflammatory 
model, based on the fundamental theory that chronic periodontal disease is a complex 
interaction between bacterial pathogens and the host inflammatory response, has been 
proposed to explain the observed associations (11).
However, there is considerable uncertainty concerning the mechanisms that could lead to 
associations between poor oral health and cognitive performance. Since most studies have 
been cross-sectional and conducted primarily in older adults (4,8,9,12–18), the possibility 
exists that poor nutritional status resulting from tooth loss may negatively affect cognitive 
ability (18,19). Cognitive dysfunction may lead to poorer self-care, thereby worsening oral 
health status (20). Low cognitive ability in early life may lead to socioeconomic inequalities 
in oral health (21).
Whereas many studies report associations of fewer teeth and complete tooth loss with poorer 
cognitive function (3,5,14,22–24), evidence regarding the association between actual 
periodontal disease and cognitive ability is mixed (3,6–8,14,15). Furthermore, periodontal 
disease exposure in earlier studies has been assessed with measures, such as the community 
periodontal index (CPI), which are based on clinical signs that do not provide much 
information about the underlying biology of periodontal disease (7).
The purpose of the present study was to determine whether tooth loss and current 
inflammatory state of periodontal disease, as classified by the Biofilm-Gingival Interface 
(BGI) index (25), predicted eight-year changes in cognitive function among community-
dwelling, late middle-aged adults in the Atherosclerosis Risk in Communities (ARIC) study. 
We hypothesized that multiple tooth loss and severity of periodontal disease would predict 
low cognitive performance and subsequent cognitive decline.
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Design and study population
This present study analyzed data obtained from the ARIC study, a prospective investigation 
of the etiology and natural history of atherosclerosis and clinical cardiovascular disease of 
middle- aged adults (aged 45–64 years at the inception) enrolled between 1987 and 1989 
(Visit 1) in four U.S. communities (Forsyth County, NC; Washington County, MD; 
suburban Minneapolis, MN; and Jackson, MS). The Jackson cohort was comprised 
exclusively of African Americans. In this study, we used data from ARIC Visit 4 (1996–
1998) and two ARIC ancillary studies: a) the Dental ARIC study (1996–1998); and b) the 
Brain Magnetic Resonance Imaging (MRI) study (2004–2006). Dental ARIC was a cross-
sectional study conducted at Visit 4. Cognitive function of ARIC participants was initially 
assessed between 1990 and 1992 (Visit 2), and approximately six years later (Visit 4) by 
ARIC interviewers. Only a subset of participants from two study sites (Forsyth County NC 
and Jackson MS) received another cognitive function assessment as part of the Brain MRI 
study in 2004–2006 (Fig 1).
For the present study, analyses were restricted to subjects who participated in the dental 
study at Visit 4 and completed two cognitive assessments separated by eight years (between 
1996–1998 and 2004–2006). Sampling and data collection procedures used in ARIC and its 
ancillary studies have been described elsewhere (26–28).
At Visit 4, 4,737 participants from the Forsyth County and Jackson study sites completed 
three cognitive functional assessments and a dental screening questionnaire, and 15.5% (n = 
733) of these subjects reported complete tooth loss. In 2004–2006, the cognitive function of 
985 participants was reevaluated. After excluding participants with missing covariates, the 
final analytic samples were 911 subjects, and 126 (13.8%) were edentulous. Of 785 dentate 
participants, 558 (71.1%) underwent a comprehensive dental examination (Supplemental Fig 
1, Supplemental Table 2).
Oral health measures
The cross-sectional Dental ARIC study (at Visit 4) consisted of a comprehensive dental 
examination, which included periodontal probing; collection of gingival crevicular fluid 
(GCF), dental plaque, and serum; and an interview. Persons requiring antibiotic prophylaxis 
for periodontal probing were excluded from the Dental ARIC study. Periodontal probing 
depth (PPD) and bleeding on probing (BOP) were assessed at six sites per tooth on all teeth 
by trained examiners.
BGI classification, in contrast to traditional definitions of periodontal status, uses clinical 
signs to classify periodontal status into five levels. The classification, based on two clinical 
parameters, PPD (≤3 mm or ≥ 4 mm) and extent of BOP (low, <10%; moderate, 10–<50%; 
and severe, ≥50%), has been associated with distinct microbial, inflammatory, and 
immunologic parameters that reflect different biologic phenotypes of periodontal disease 
(25). Subjects with PPD ≤ 3 mm at all sites were defined as periodontal healthy if BOP was 
less than 10% or gingivitis if BOP was 10% or more. Subjects with one or more periodontal 
pockets or PPD ≥ 4 mm (deep lesion or periodontitis) were divided into low, moderate, or 
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severe bleeding. The number of teeth present was also recorded during the dental 
examination. An individual’s dental status was obtained from answers to the following items 
on a self-administered questionnaire: “Do you have any natural teeth?” and “Do you have 
any dental implants”? Participants who had only dental implants (n = 12) were excluded 
from the study.
Cognitive function
Outcomes of interest were scores from the following cognitive tests: a) Delayed Word 
Recall (DWR); b) Digit Symbol Substitution (DSS); and c) Word Fluency (WF). The DWR 
tests verbal learning and recent memory (29). The DSS, a test of concentration and 
psychomotor speed (30), and the WF, a test of expressive language, assess executive 
function (31). Higher scores in each of the three tests indicate better cognitive ability. All 
cognitive tests were administered by trained examiners. Cognitive test protocols for ARIC 
have been reported elsewhere (26).
Covariates
Covariates included socio-demographic factors (age, race, sex, educational level, income, 
and study sites), cardiovascular risk factors, apolipoprotein E (APOE) genotype, stroke, and 
coronary heart disease (CHD). Educational levels were classified as less than high school 
(<12 years), high school completion (12–16 years), or post-secondary education (17–21 
years). Household income was coded as <$25,000, $25,000–$50,000, > $50,000, or not 
report (1996–1998 U.S dollars). A nominal variable representing race and ARIC field 
centers was created to control for the racial, regional, and examiner differences in the ARIC 
cohort (levels: Forsyth/White, Forsyth/Black, and Jackson/Black). Cardiovascular risk 
factors included smoking and alcohol use (each recorded as never, former, or current), 
diabetes, hypertension, hyperlipidemia, and body mass index (BMI). APOE genotype was 
dichotomized as presence or absence APOE ε4 allele (Supplemental Methods).
Statistical analyses
Race- and sex-specific descriptive and bivariate analyses were conducted. We used 
generalized estimating equations (GEE) to analyze eight-year changes in the three cognitive 
scores. The dependent variables were repeated measures of the DWR, DSS, and WF scores. 
Since time intervals between baseline and follow-up were slightly different among study 
participants (mean ± s.d. = 7.6 ± 1.0 years; median = 8 years), we used an indicator variable 
(time (t)) to identify whether the scores represented a baseline (t = 0) or follow-up (t = 1) 
measurement rather than using actual time intervals. The unstructured working correlation 
matrix was used to correct within-subject correlations in the analysis.
The hypothesis that oral health predicted cognitive decline involved testing the interaction 
between time and oral health measures, i.e., a model of E (Yit |Oral health predictorit) = β0 + 
β1*Oral health predictor + β2*t + β3*(Oral health predictor*t), where the hypothesis H0: β3 = 
0 was tested. If p-value for β3 was greater than 0.10, we concluded that oral health measures 
did not significantly predict cognitive decline over time.
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Potential confounders were identified based on previous literature and bivariate analyses 
assessing the association between exposures and outcomes. We used directed acyclic graphs 
(DAGs) and a change-in-estimate procedure to select the adjustment variables in this study. 
The minimally sufficient set for adjustment included socio-demographic factors, smoking, 
alcohol use, and diabetes (i.e., the reduced model). Fully adjusted models consisted of 
variables from the reduced model, BMI, hyperlipidemia, hypertension, and APOE ε4. All 
covariates were included in the GEE models as time-independent factors. If regression 
coefficients of the reduced models did not differ from those for the fully adjusted models by 
greater than 10% or ± 0.1, the regression coefficients from the reduced models are presented 
in table results. Supplementary analyses addressed questions concerning cross-sectional 
associations between oral health measures and baseline cognitive scores in this study 
sample, study center-specific associations of oral health indicators and the 8-year change in 
cognitive scores, as well as impact of including participants with history of stroke at Visit 4 
in the analysis. All statistical analyses were performed using SAS 9.3 (Cary, NC).
Result
Characteristics of study participants
The final analytic sample contained 911 individuals, with an average age of 64.7 ± 4.3 at 
baseline. Forty-nine percent of participants were African American; 61% were female. 
Nearly 90% of the African American participants were recruited at the Jackson study site. 
About half of study participants had never smoked, and one-third had never used alcohol. 
There were notable differences between racial and sex groups in socio-demographic 
characteristics and in the prevalence of hypertension, diabetes, CHD, and stroke. About one-
third of African American participants, compared to about 10% of whites, had less than 12 
years of education. African Americans also had lower income and a higher prevalence of 
diabetes and hypertension. CHD and stroke were more prevalent among African American 
males compared to the other three race-gender groups. Overall, African American subjects 
had poor oral health as indicated by fewer teeth, higher prevalence of complete tooth loss, or 
severe periodontal disease. However, gingivitis was more common among white subjects 
(Table 1). About 40–60 % of participants with periodontitis, versus only 7% of those 
classified as periodontal healthy or having gingivitis based on the BGI index, had 
attachment loss 6 mm. or more (Supplemental Fig 2).
Cognitive function
Over a median interval of eight years between the two examinations, there was a modest 
decline in mean cognitive function, with substantial variability across subject. Mean changes 
in DWR, DSS, and WF scores were, respectively, −0.7, −3.6, and −1.8 points, with 53.5%, 
67.8%, and 58.2% declining and 23.7%, 6.5%, and 5.2% unchanged. In general, white 
females tended to have a greater decline in DSS scores while African Americans (both 
males and females) exhibited a greater decrease in WF scores. The decline in DWR scores 
was similar across race- and gender-specific groups (Table 2).
Older age, male sex, low education, low income, diabetes, hypertension, current smoking, 
CHD, stroke, APOE ε4, and poor oral health (complete tooth loss, few teeth, and 
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periodontitis with severe bleeding) were associated with a low cognitive profile. The 
differences in cognitive scores were generally greater for race, educational attainment, and 
income. There was, as expected, a strong association between dental status and overall 
cognitive performance. On average, individuals with complete tooth loss had cognitive 
scores 0.62, 9.08, and 8.30 points lower than dentate participants for the DWR, DSS, and 
WF tests, respectively. The associations of other covariates with repeated measures of 
cognitive scores are summarized in the Supplemental Table 3.
Oral health measures and cognitive function
Table 3 shows the regression coefficients for oral health measures, time, and their 
interactions; parameter estimates for the first-order effects of each oral health measures can 
be interpreted as the magnitude of association between the Visit 4 oral health measures and 
cognitive function, while interaction terms indicate the difference between oral health status 
groups (edentulous vs. dentate, BGI-DL/SB, DL/MB, DL/LB, or G vs. BGI-H, and one tooth 
increase in number of teeth) in degree of change in cognitive function over eight years 
(follow-up vs. baseline). After controlling for covariates, negative values of “time” 
regression coefficients indicated a significant decline in cognitive test scores. At Visit 4, 
lower levels of all three cognitive function test scores were seen in subjects with complete 
tooth loss when compared to dentate subjects, although the differences did not reach 
statistical significance for the DSS test in the fully adjusted model. In contrast, periodontal 
disease and the number of teeth were not significantly associated with cognitive 
performance, either as first-order effects or as interactions with time (Fig 2–4).
Generally, cognitive decline among edentulous participants tended to be slightly smaller 
than that among dentate subjects (positive values of interaction coefficients). However, 
dental status did not significantly modify the time-related degree of cognitive decline (Fig 
2–4), except for a small association between edentulism and DWR scores (p-value 0.0855, 
Table 3). Individuals with complete tooth loss had adjusted DWR scores that declined from 
6.1 (95% CI 5.8, 6.4) at baseline to 5.7 (95% CI 5.4, 6.0) at the follow-up visit compared 
with 6.6 (95% CI 6.3, 6.7) at baseline and 5.8 (95% CI 5.6, 6.0) at the follow-up visit for 
dentate subjects (Fig 2).
Supplemental analyses showed that dental status was associated with lower DWR and WF at 
baseline (Supplemental Table 4). Neither fewer teeth nor periodontal disease was associated 
with baseline cognitive scores on any of the three tests. Associations between edentulism 
and change in cognitive scores for the Forsyth study center were slightly stronger than those 
for the Jackson study center. The results were generally unchanged after excluding 
participants with history of stroke at Visit 4 (Data not shown).
Discussion
Four possible mechanisms have been proposed for the relation between poor oral health and 
lower cognitive function: (a) residual confounding by socio-demographic factors or other 
environmental factors (23); (b) nutritional deficiency resulting from tooth loss (tooth loss is 
often a consequence of severe periodontal disease)(18); (c) increased systemic inflammatory 
response (11,16,17); and (d) an adverse impact of cognitive decline on oral hygiene (12).
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Our study found complete tooth loss, though not periodontal disease and number of teeth, to 
be associated with low performance on two cognitive tests (DWR and WF) at baseline (Visit 
4). However, although all three cognitive scores declined over time, we did not find that 
complete tooth loss, periodontal disease, and few teeth at baseline predicted a greater 
cognitive decline. We also observed a smaller decline in memory function among 
edentulous participants compared to dentate subjects.
The most important strengths of the present study are using data from the population-based 
cohort of community-dwelling, late middle-aged adults, and the quality of examination data. 
Cognitive assessment and periodontal examination, using a full-mouth protocol, were 
carried out by trained examiners. Several limitations are also relevant. Our study followed 
participants in only two of the four ARIC sites (Forsyth County and Jackson), and these 
differed greatly in regard to racial composition, socioeconomic characteristics, edentulism, 
and baseline cognitive scores (especially DSS and WF test scores) (Supplemental Table 2).
Another limitation of our study is that oral health indicators were measured only at Visit 4, 
so that information was unavailable on the trajectory of oral health (i.e., additional tooth loss 
or periodontal disease progression). Thus, we cannot assess whether low cognitive 
performance influences oral health. Furthermore, assessments at two time points provide 
limited ability to differentiate true change from changes due to learning effects, random 
fluctuations, and measurement errors. Lastly, our study examined only three cognitive 
function tests, evaluating two cognitive domains. Thus, our failure to observe more rapid 
cognitive decline in participants with worse oral health provides limited evidence against the 
existence of a relationship.
Complete tooth loss
Our findings of lower scores on Visit 4 DWR and WF for edentulous participants are 
consistent with previous studies which found that people with few teeth or complete tooth 
loss have lower cognitive function in the memory or executive function domains (3,6,14). 
We also observed a marginally-significantly lower score on the DSS for edentulous 
participants in the Forsyth County site but no association among Jackson site participants, 
whose cognitive function, education, and oral health measures were all markedly lower.
Our findings are not consistent, however, with previous studies that found edentulism to 
predict more rapid cognitive decline and greater incidence of dementia (6,24). In fact, our 
study found a slower cognitive decline in edentulous participants. The many differences 
between the communities studied in the previous studies and in ours could conceivably 
account for the different findings. However, when we carried out separate analyses in the 
Forsyth and Jackson sites, which differ substantially in numerous characteristics, we 
observed a smaller decline in memory function in edentulous participants in both sites; it 
was, if anything, stronger in Forsyth (Data not shown). The previous studies followed older 
participants, who experienced substantial cognitive declines, whereas our study population 
was predominantly late middle-aged adults, who had only modest cognitive declines during 
the follow-up period. The smaller overall decline may have limited the opportunity to see a 
difference by oral health status.
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Other possible explanations for why our study did not observe greater cognitive decline for 
participants with poorer oral health – and for our observation of a smaller decrease in DWR 
scores for edentulous participants than for dentate participants – relate to the narrow time 
window under observation. Cognitive function of edentulous participants, who were older 
and had poorer socio-demographic characteristics than dentate participants, may have begun 
to decline earlier in life, before our study baseline, and had now reached a stable level. Other 
possible explanations relate to the heterogeneity of age-related cognitive decline, where 
some cognitive domains decline earlier (i.e., memory function) and more rapidly than 
others, and inter-individual variability increases during the aging process (32). A 
longitudinal study in French elderly has reported a lower risk of dementia in lower educated 
participants with extensive tooth loss. The authors suggested that the observed association 
was possibly a result of greater tooth extraction in people with lower educational attainment, 
leading to better periodontal health (7). Such suppression of a source of chronic 
inflammation could conceivably explain why we observed a smaller decrement in cognitive 
function among edentulous persons. In this study sample, more than 70% of both edentulous 
and dentate subjects reported history of tooth loss due to “cavities”. However, 38% of 
edentulous participants reported tooth loss due to “gum disease”, whereas 6–20% of dentate 
participants depending on BGI category tooth loss due to “gum disease” (Supplemental 
Table 5).
Yet another possibility is that the cross-sectional association between poorer oral health and 
worse cognitive function reflects an adverse effect of low cognitive function on oral health 
status. One longitudinal study has suggested that the observed association between complete 
tooth loss and cognitive impairment in older adults resulted from lower cognitive ability in 
early life predisposing individuals to edentulism (22).
Periodontal disease
Previous findings regarding periodontal disease and cognitive function are mixed. Some 
studies, including our previous cross-sectional study (33), have found a significant 
association between periodontal disease and low cognitive ability (3,8,15–17), whereas 
others have not (5–7,14). Interpretation of these findings is complicated by differences in the 
definition and measurement of periodontal disease. A wide range of periodontal disease 
measures have been used, including biological markers (15,34), attachment loss (17), 
periodontal pocket depth (3,14), and self-reported periodontal status (6). Also, many study 
populations are highly selected, and results from them may not be indicative of what would 
be seen in other populations (3,5,7,8,14).
In our study, BGI index was selected based on the concept that if periodontal infection and 
inflammation truly affect cognitive decline, we should observe a dose-response trend in the 
association because BGI reflects the underlying biology of periodontal disease (25). 
However, the expected dose-response pattern might be masked by the nature of the clinical 
periodontal measures and effects of past treatments, none of which can be discerned given 
that periodontal measurements were recorded on only one visit. Furthermore, although 
different bacterial species are linked to gingivitis and severe periodontitis, both conditions 
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have been correlated with elevated levels of gingival bleeding, inflammatory markers, and 
plaque scores.
We found some indication that participants with a greater extent of bleeding at baseline 
(Visit 4) had lower cognitive function than those who were healthy or had a lesser extent of 
bleeding, but we did not observe differences in the rate of cognitive decline to be related to 
the value of the BGI index. Our study may have been underpowered to detect an association 
between BGI and cognitive function because the mean differences between the two extreme 
BGI groups were relatively small, and cognitive change during the eight-year follow-up was 
modest (Supplemental material). However, it is also possible that subtle changes in 
cognitive function occurring prior to study baseline resulted in poor oral hygiene care, 
thereby increasing plaque level and the extent of bleeding on probing at baseline (35).
Conclusion
We have not observed a relationship between edentulism, number of teeth, or periodontal 
disease in middle-aged adults and cognitive decline over the subsequent 8 years. Our study 
may have had insufficient statistical power given the low rate of observed cognitive decline 
and the limited sample size, or the relationship may manifest only at older ages and/or in 
relation to more severe levels of impaired cognition.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Adjusted means and 95% confidence intervals for the Delayed Word Recall test scores 
at baseline and follow-up
Abbreviation: H, healthy; G, gingivitis; SB, severe bleeding; MB, moderated bleeding; LB, 
low bleeding
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Figure 3. Adjusted means and 95% confidence intervals for the Digit Symbol Substitution test 
scores at baseline and follow-up
Abbreviation: H, healthy; G, gingivitis; SB, severe bleeding; MB, moderated bleeding; LB, 
low bleeding
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Figure 4. Adjusted means and 95% confidence intervals for the Word Fluency test scores at 
baseline and follow-up
Abbreviation: H, healthy; G, gingivitis; SB, severe bleeding; MB, moderated bleeding; LB, 
low bleeding
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